Pancreatic cancers are aggressive because they are highly invasive and highly metastatic; moreover, effective treatments for aggressive pancreatic cancers are lacking. Here, we report that the motor kinesin protein KIF20A promoted the motility and invasiveness of pancreatic cancer cells through transporting the RNA-binding protein IGF2BP3 and IGF2BP3-bound transcripts toward cell protrusions along microtubules. We previously reported that IGF2BP3 and its target transcripts are assembled into cytoplasmic stress granules of pancreatic cancer cells, and that IGF2BP3 promotes the motility and invasiveness of pancreatic cancer cells through regulation of localized translation of IGF2BP3-bound transcripts in cell protrusions. We show that knockdown of KIF20A inhibited accumulation of IGF2BP3-containing stress granules in cell protrusions and suppressed local protein expression from specific IGF2BP3-bound transcripts, ARF6 and ARHGEF4, in the protrusions. Our results provide insight into the link between regulation of KIF20A-mediated trafficking of IGF2BP3-containing stress granules and modulation of the motility and invasiveness in pancreatic cancers.
Introduction
Kinesin superfamily (KIF) members share a highly conserved motor domain, and many motor kinesins have adenosine triphosphatase activity and microtubule-dependent plus-end motion ability [1] . The KIF proteins participate in multiple normal cellular biological activities, including mitosis and intracellular transport of vesicles and organelles [2] . The KIF protein KIF20A has been documented to accumulate in the midzone of the spindle during anaphase and to the cleavage furrow and midbody during telophase [3] . We previously reported that KIF20A is overexpressed in human pancreatic ductal adenocarcinoma (PDAC) based on cDNA microarray analyses and that KIF20A and DLG5, which collaborate in the cytoplasm but not in the midzone of the spindle, are likely to be involved in pancreatic carcinogenesis [4] . KIF20A functions as part of the intracellular trafficking machinery for DLG5, transporting it to membrane sites in PDAC cells in which DLG5 can interact with other proteins including β-catenin [4] . Thus, it is possible that the intracellular trafficking function of KIF20A is highly important for pancreatic carcinogenesis. expression of kinesin heavy chains or drugs that disrupt microtubules can inhibit translocation of cytoplasmic SGs that contain myelin basic protein (MBP) mRNA in oligodendrocytes [6] . Kinesin family member 5 (KIF5) transports cytoplasmic SGs containing RNAbinding proteins and mRNAs such as CaMKIIα and Arc along microtubules [7] . It is still unknown whether KIF20A transports SGs containing RNA-binding proteins or mRNAs.
We recently reported that cytoplasmic SGs containing the RNAbinding protein IGF2BP3 and IGF2BP3-bound mRNAs are accumulated in cell protrusions of PDAC cells [8] . Further investigation revealed that IGF2BP3-bound mRNAs such as ADPribosylation factor 6 (ARF6) and Rho guanine nucleotide exchange factor 4 (ARHGEF4) are subsequently translated in membrane protrusions; in turn, these locally translated proteins influence the formation of additional membrane protrusions and thereby increase the invasiveness and metastasis of the PDAC cells [8] . Here, we sought to evaluate the role of KIF20A in cell motility and invasion of PDAC cells. In the course of this investigation, we made a surprising observation: specifically, KIF20A transported cytoplasmic SGs containing IGF2BP3-mRNA complexes toward membrane protrusions of PDAC cells and that decreased levels of endogenous KIF20A decreased the expressions of ARF6 and ARHGEF4 localized in cell protrusions, thereby inhibiting the formation of membrane protrusions and the motility and invasiveness of PDAC cells. Our results imply that KIF20A is likely to play a critical role in the trafficking system of IGF2BP3-containing SGs, which is highly important for the motility and invasiveness in PDACs.
Material and Methods

Antibodies
Rabbit anti-IGF2BP3 (2037) and anti-ARHGEF4 (18267) antibodies were purchased from Human Protein Atlas (Stockholm, Sweden). Anti-G3BP monoclonal antibody (611126) was purchased from BD Transduction Laboratory (Palo Alto, CA). Monoclonal antibodies against KIF20A (374508) and c-myc (40) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit anti-ARF6 (77581) antibody and mouse anti-coilin (87913) monoclonal antibody were purchased from Abcam (Cambridge, MA). Rabbit anti-α-tubulin antibody (PM054) was purchased from MBL (Woburn, MA).
Cell Culture and Reagents
The human PDAC cell line S2-013, a subline of SUIT-2, was obtained from Dr. T. Iwamura (Miyazaki Medical College, Miyazaki, Japan) [9] . The human PDAC cell line PANC-1 was purchased from the American Type Culture Collection (Manassas, VA). All cells were grown in Dulbecco's modified Eagle's medium (Gibco-BRL, Carlsbad, CA) supplemented with 10% heat-inactivated fetal calf serum (FCS) at 37°C in a humidified atmosphere saturated with 5% CO 2 . To induce oxidative stress, plated cells were treated for 30 minutes with sodium arsenite (SA) (500 μM; Sigma-Aldrich, St. Louis, MO); to disrupt microtubule networks, plated cells were treated with nocodazol (10 μM; Sigma-Aldrich).
Confocal Immunofluorescence Microscopy
Coverslips were coated with 10 μg/ml fibronectin (Sigma-Aldrich) for 1 hour at room temperature. Cells were seeded on fibronectincoated glass coverslips and incubated for 5 hours; cells were then fixed with 4% paraformaldehyde, permeabilized with 0.1% Triton X-100, covered with blocking solution (3% BSA/PBS), and then incubated with the appropriate primary antibody for 1 hour. Alexa488-, Alexa546-, Alexa594-, or Alexa647-conjugated secondary antibody (Molecular Probes, Carlsbad, CA) was used with or without rhodamine-conjugated phalloidin (Cytoskeleton, Denver, CO). In some experiments, a commercial antibody-labeling technology (Zenon; Life Technologies, Carlsbad, CA) was used according to the manufacturer's instructions to conjugate green or red fluorophores to primary antibodies. Each specimen was visualized using a Zeiss LSM 510 META microscope (Carl Zeiss, Gottingen, Germany).
Generation of an S2-013 Cell Line That Stably Expressed Small Interfering RNA (siRNA)
Exponentially growing GP2-293 packaging cells (Clontech, Mountain View, CA) were transiently infected with pGFP-V-RS vectors (OriGene Technologies, Rockville, MD) to generate replication-deficient lentivirus that carried an siRNA expression cassette targeting either a scrambled negative control (TR30013) or KIF20A mRNA (TG311916) into host cells via a replicationdeficient lentivirus. Upon transient transfection of the plasmids into the packaging cell line, replication-deficient viruses were obtained and used to infect S2-013 cells; infected S2-013 cells were transferred to flasks 48 hours after infection and then grown in Dulbecco's modified Eagle's medium containing 0.5 μg/ml puromycin (Sigma-Aldrich) for 7 days to establish S2-013 cells that stably expressed the appropriate siRNA that targeted KIF20A mRNA. For each experiment, these cells were cultivated until they reached confluence and then for an additional 10 days; medium was refreshed every second day during cell cultivation. Cells were used only when suppression of KIF20A had been validated via Western blot analysis.
KIF20A-Rescue Construct
Reverse transcription polymerase chain reaction was used to amplify the entire coding sequence of the KIF20A cDNA. The resultant polymerase chain reaction product was subsequently inserted into a separate pCMV6-Entry vector (Origene) bearing a C-terminal myc-DDK-tag. X-tremeGENE HP DNA Transfection Reagent (Roche, Penzberg, Germany) was used to transiently transfect target cells with resultant KIF20A-rescue construct.
Transwell Motility Assay
Cells (3.0 × 10 4 ) were plated in the upper chamber of BD BioCoat Control Culture Inserts (24-well plates, 8-μm pore size; Becton Dickinson, San Jose, CA). Serum-free culture medium was added to each upper chamber, and medium containing 5% FCS was added to each bottom chamber. Cells were incubated on the membranes for 12 hours. After a 12-hour incubation, three independent visual fields were examined via microscopic observation to count the number of cells that had moved to the bottom chamber.
Matrigel Invasion Assay
A two-chamber invasion assay was used to assess cell invasion (24-well plates, 8-μm pore size membrane coated with a layer of Matrigel extracellular matrix proteins; Becton Dickinson). Cells (4.0 × 10 4 ) suspended in serum-free medium were seeded into the upper chamber and allowed to invade toward a 5% FCS chemoattractant in the lower chamber. After a 20-hour incubation, three independent visual fields were examined via microscopic observation, and the number of cells that had moved to the bottom chamber was determined.
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Immunoprecipitation
S2-013 cells were incubated on fibronectin for 5 hours, lysed in lysis buffer [50 mM Tris (pH 7.4), 150 mM NaCl, 1 mM MgCl 2 , 0.5% NP-40, and protease inhibitor cocktail tablets (Roche)], and the resulting lysates were immunoprecipitated with 2 μg of anti-KIF20A antibody, anti-IGF2BP3 antibody or IgG isotype control antibody, and Dynabeads Protein G (Dynal). To examine the interaction between endogenous KIF20A and IGF2BP3, immune complexes were analyzed on Western blots.
Microtubule Precipitation Assay
Cells were homogenized in lysis buffer [0.1 M PIPES (pH 6.6), 5 mM EGTA, 1 mM MgSO 4 , 0.1 M glycerol, 1 mM DTT, and protease inhibitor cocktail tablets (Roche)]. Each homogenate was incubated on ice for 15 minutes to depolymerize microtubules and then centrifuged at 16,000g at 4°C for 30 minutes. The supernatant was further centrifuged at 135,000g at 20°C for 90 minutes. Microtubules in the clarified supernatant were polymerized by the addition of taxol (Abcam) and GTP to 20 μM and 1 mM, respectively. The mixture was incubated at 37°C for 10 minutes, layered on a 15% sucrose cushion prepared in lysis buffer containing 20 μM taxol and 1 mM GTP, and finally centrifuged at 54,000g at 20°C for 30 minutes. The resulting pellet was a standard microtubule pellet that contained microtubule-associated proteins. Western blotting was performed with anti-IGF2BP3 and anti-α-tubulin antibodies.
Immunofluorescence with RNA Fluorescence In Situ Hybridization
The QuantiGene ViewRNA plate-based assay kit (Panomics, Santa Clara, CA) was used according to the manufacturer's recommendations with some modifications [10] to perform fluorescence in situ hybridization to target RNAs. Fibronectin-stimulated S2-013 cells were fixed in 8% formaldehyde, dehydrated in ethanol (50-70-100%), and held at 4°C overnight. Cells were then rehydrated, permeabilized, and hybridized as recommended. The RNA targets were ARF6 or ARH-GEF4 (Panomics), and the reference RNA was ubiquitin C (UBC) (Panomics). After in situ hybridization, sections were washed in PBS, blocked for 1 hour with blocking buffer (4% goat serum in PBS), and incubated for 3 hours at room temperature with anti-KIF20A and anti-IGF2BP3 antibodies in blocking buffer. Secondary antibodies in blocking buffer were applied to the samples for 30 minutes at room temperature, nuclei were stained for 3 minutes with 4′,6-Diamidino-2-Phenylindole (DAPI), and samples were mounted in Aqua Polymount (Polysciences, Warrington, PA). Confocal fluorescence images were captured with a Zeiss LSM 510 META microscope.
Statistical Analysis
GraphPad Prism version 6.0 software (GraphPad Software, Inc., La Jolla, CA) was used for all statistical analyses. The significance of differences between groups was determined using the two-tailed Student's t test. For all analyses, P b .05 was considered statistically significant.
Results
Subcellular Localization of Migrating KIF20A in PDAC Cells
We used immunocytochemistry to determine the subcellular localization of KIF20A in two types of cultured PDAC cells: moderately differentiated PDAC cells (line S2-013 [9] ) and a poorly differentiated PDAC line (PANC-1 [11] ). S2-013 is a cloned subline of a PDAC line (SUIT-2) derived from a liver metastasis [9] and was obtained from Dr. T. Iwamura (Miyazaki Medical College). Notably, when S2-013 cells that are initially in suspension attach to an immobilized fibronectin substrate, nascent membrane protrusions (de novo formation of actin patches at the cell periphery) form, and as these protrusions mature, they promote cell motility [12] . To investigate whether KIF20A was localized in cell protrusions, fibronectin-stimulated PDAC cells were used. When S2-013 or PANC-1 cells were cultured on fibronectin, KIF20A was localized in the cytoplasm of the cell bodies and membrane protrusions, which each had many peripheral actin structures ( Figure 1A ). Z stack panels showed that fibronectin-stimulated S2-013 cells exhibited intracellular expression of KIF20A in cytoplasmic granules that were located in membrane protrusions ( Figure 1B) . Neoplasia Vol. 16, No. 12, 2014 KIF20A Promotes Pancreatic Cancer Invasiveness Taniuchi et al.
Effects of Stable Knockdown of KIF20A in Cell Motility and Invasion of S2-013 Cells
To investigate whether KIF20A regulates cell motility and invasion, KIF20A expression in S2-013 cells was suppressed by vector-based expression of a KIF20A-specific siRNA. To achieve substantial suppression of KIF20A, we established cell clones subject to RNA interference (RNAi) by expressing a KIF20A-siRNA. KIF20A knockdown was confirmed on immunoblots ( Figure 2A) . In transwell motility assays, the motility of S2-013 cells was significantly lower in KIF20A-RNAi-expressing cells than in control-RNAi cells ( Figure 2B ). In twochamber invasion assays, KIF20A-RNAi S2-013 cells were significantly less invasive than the control-RNAi cells ( Figure 2C ). We found that transfection of a KIF20A-rescue construct into KIF20A-RNAi S2-013 cells abrogated the changes to cell invasiveness caused by the KIF20A-RNAi ( Figure 2D ).
Association of KIF20A with the Localization of IGF2BP3-Containing SGs in Cell Protrusions
We recently reported that SGs containing the RNA-binding protein IGF2BP3 and IGF2BP3-bound transcripts are transported to cell protrusions of fibronectin-stimulated S2-013 cells [8] . The finding that localization of KIF20A in cell protrusions of fibronectinstimulated S2-013 cells (Figure 1, A and B) was similar to the IGF2BP3 distribution [8] allowed us to hypothesize that KIF20A could transport IGF2BP3-containing SGs to the protrusions. KIF20A was co-immunoprecipitated with IGF2BP3 from cell lysates of fibronectin-stimulated S2-013 cells ( Figure 3A) . To investigate whether KIF20A and IGF2BP3 colocalized in cell protrusions, S2-013 cells cultured on fibronectin were double-labeled with anti-KIF20A and anti-IGF2BP3 antibodies ( Figure 3B ). KIF20A colocalized with IGF2BP3 in cell protrusions. Notably, cytoplasmic KIF20A that localized in the cytoplasm of the cell bodies did not colocalize with IGF2BP3. To investigate whether KIF20A bound IGF2BP3-containing SGs, S2-013 cells cultured on fibronectin were labeled with anti-KIF20A and anti-IGF2BP3 antibodies and an SG marker (anti-G3BP [13] ) ( Figure 3C ). We found that KIF20A colocalized with both IGF2BP3 and G3BP in granules at membrane protrusions. To verify that KIF20A colocalized to SGs, S2-013 cells were subjected to SA-induced oxidative stress and then labeled with anti-KIF20A, anti-IGF2BP3, and anti-G3BP antibodies ( Figure 3D ). SGs form in the cytoplasm of S2-013 cells when SA is added to complete medium [14] . When S2-013 cells were treated with SA, KIF20A that localized in cytoplasmic granules colocalized with IGF2BP3 and G3BP, but cytoplasmic KIF20A that did not localize in SGs did not colocalize with IGF2BP3 or G3BP ( Figure 3D ).
We used scrambled control-RNAi S2-013 cells (KIF20A-RNAi S2-013) and immunocytochemistry to determine whether KIF20A had a role in the localization of IGF2BP3-containing SGs in cell protrusions. Immunofluorescence indicated that granular colocalization of IGF2BP3 and G3BP in membrane protrusions of fibronectinstimulated control S2-013 cells was decreased in fibronectin-stimulated -RNAi S2-013 cells ( Figure 3E ). In contrast, KIF20A knockdown did not affect the localization of cytoplasmic IGF2BP3 and G3BP that localized in the cytoplasm of the cell bodies ( Figure 3E ). Transfection of a KIF20A-rescue construct renewed the granular colocalization of IGF2BP3 and G3BP in membrane protrusions of KIF20A-RNAi S2-013 cells cultured on fibronectin ( Figure 3F ). These data indicate that KIF20A associated with the localization of IGF2BP3-containing SGs in cell protrusions.
Association of KIF20A with the Localization of IGF2BP3 and IGF2BP3-Bound Transcripts in Cell Protrusions
We recently reported two IGF2BP3-bound mRNAs, ARF6 and ARHGEF4, that assemble with IGF2BP3 in cell protrusions of fibronectinstimulated S2-013 cells [8] . Immunocytochemistry and RNA fluorescence in situ hybridization were used together to determine whether KIF20A colocalized with IGF2BP3 and each mRNA (ARF6 and ARHGEF4) within cell protrusions of S2-013 cells cultured on fibronectin. Each mRNA colocalized with KIF20A and IGF2BP3 assembled in cell protrusions ( Figure 4A ). Ubiquitin C mRNA did not colocalize with KIF20A or IGF2BP3 in fibronectin-stimulated S2-013 cells ( Figure 4A ). In contrast, the mRNAs for ARF6 and ARHGEF4 that accumulated in cell protrusions were decreased in fibronectin-stimulated KIF20A-knockdown S2-013 cells compared to scrambled control S2-013 cells ( Figure 4B ). These results indicated that KIF20A associated with the localization of IGF2BP3 and IGF2BP3-bound transcripts in cell protrusions.
Effects of KIF20A in Decreasing the Protein Expression from IGF2BP3-Bound Transcripts in Cell Protrusions
We previously found that IGF2BP3-bound transcripts, ARF6 and ARHGEF4, are translated in membrane protrusions of spreading S2-013 cells [8] . We hypothesized that KIF20A could transport IGF2BP3-containing SGs to cell protrusions, and therefore knockdown of KIF20A could decrease the protein expression from IGF2BP3-bound mRNAs in cell protrusions via inhibition of trafficking of IGF2BP3, ARF6 mRNA, and ARHGEF4 mRNA. We used scrambled control S2-013 cells and KIF20A-RNAi S2-013 cells to perform an immunocytochemical analysis of ARF6 and ARHGEF4 protein localization; all cells were cultured on fibronectin. ARF6 and ARHGEF4 were expressed in the cytoplasm of the cell bodies and membrane protrusions in control-RNAi cells, but immunofluorescent signals from ARF6 and ARHGEF4 in the protrusions of KIF20A-RNAi cells were decreased relative to those in control-RNAi cells, and in KIF20A-RNAi cells, the ARF6 and ARHGEF4 signals remained in the cytoplasm of the cell bodies ( Figure 5, A and B) . Transfection of a KIF20A-rescue construct renewed the expressions of ARF6 ( Figure 5C ) and ARHGEF4 ( Figure 5D ) in membrane protrusions of KIF20A-RNAi S2-013 cells cultured on fibronectin. These findings indicated that KIF20A associates with protein expression from IGF2BP3-bound transcripts in these membrane protrusions.
Translocation of IGF2BP3 and IGF2BP3-Bound Transcripts Toward Membrane Protrusions via KIF20A and a Microtubule Network
We previously reported that KIF20A overlaps with α-tubulin in the cytoplasm of the PDAC cell line PK59 [4] . We used immunocytochemistry to determine the subcellular localization of IGF2BP3 in fibronectin-stimulated S2-013 cells with or without nocodazole treatment that disrupted microtubules. IGF2BP3 was overlapped with that of α-tubulin both in the cytoplasm of the cell bodies and in cell protrusions of nontreated S2-013 cells ( Figure 6A ). When nocodazole was added to the culture medium of S2-013 cells growing on fibronectin, IGF2BP3 that did not colocalize with disrupted microtubules in the cytoplasm of the cell body was not present at membrane protrusions ( Figure 6A ). These findings indicated that, like IGF2BP1 [15] , translocation of IGF2BP3 to cell protrusions was dependent on microtubule networks. Importantly, IGF2BP3 co-precipitated with taxol-stabilized microtubules in fibronectin-stimulated S2-013 cells, and coilin, which was not expected to associate with these microtubules, did not co-precipitate with them ( Figure 6B) . Moreover, treatment of fibronectin- 
stimulated S2-013 cells with nocodazole decreased KIF20A coimmunoprecipitated with IGF2BP3 ( Figure 6C ). In addition, levels of ARF6 ( Figure 6D ) and ARHGEF4 ( Figure 6E ), like IGF2BP3 levels, were lower in membrane protrusions of nocodazole-treated fibronectin-stimulated S2-013 cells than in those of untreated fibronectin-stimulated S2-013 cells; all cells were grown on fibronectin. In contrast, ARF6 and ARHGEF4 that localized in the cytoplasm of the cell bodies remained unaltered upon knockdown of KIF20A ( Figure 6 , D and E). These results indicated that translational regulation of ARF6 and ARHGEF4 in cell protrusions was dependent on the role of KIF20A in transporting IGF2BP3 and IGF2BP3-bound transcripts to cell protrusions along microtubules.
Effects of KIF20A in Forming Cell Protrusions
We found that ARF6 and ARHGEF4 transcripts that are translated in cell protrusions induce further formation of membrane protrusions; consequently, IGF2BP3 promotes cell motility and invasion of PDAC cells [8] . Confocal microscopy was used to examine the threedimensional configurations of peripheral actin structures and cell protrusions. Peripheral actin structures ( Figure 7A ) and cell protrusions ( Figure 7B ) were less abundant in KIF20A-RNAi S2-013 cells than in control-RNAi S2-013 cells. Transfection of a KIF20A-rescue construct renewed peripheral actin structures in KIF20A-RNAi S2-013 cells ( Figure 7A ). Consequently, cell protrusions were significantly more abundant in KIF20A-RNAi S2-013 cells carrying a KIF20A-rescue construct than in KIF20A-RNAi S2-013 cells lacking this construct ( Figure 7B ). Whereas control-RNAi S2-013 clones exhibited spindle-shaped cells and fibroblastic morphology, KIF20A-RNAi cells typically displayed a cobblestone-like, epithelial morphology ( Figure 7C ). These results indicated that KIF20A drove rearrangement of peripheral actin to induce formation of additional membrane protrusions.
Discussion
Here, we describe a newly discovered mechanism of KIF20A in PDAC cells in which KIF20A transports SGs containing IGF2BP3 and IGF2BP3-bound mRNAs to cell protrusions along microtubules.
These IGF2BP3-bound mRNAs that were transported by KIF20A are translated in the protrusions, where they probably promote the invasiveness of the PDAC cells.
In neural cells, most proteins destined for dendrites and dendritic spines are conveyed from the cell body; a subset of mRNAs is transported into dendrites to support local protein synthesis [16, 17] . Local translation allows selected synapses to control their strength and efficacy independently among the thousands of synapses in one neuron [18] . Certain mRNAs such as CaMKIIα and Arc are transported to dendrites in SGs that are transported by KIF5, which binds RNA-binding proteins by a recognition motif in its tail domain [7] . With regard to the mechanism of mRNA transport in dendrites, the direct binding proteins for KIF5 in the granules have not yet been identified [19] . In this study, we found that KIF20A directly bound IGF2BP3 localized in SGs and played important roles in transporting IGF2BP3-bound mRNAs such as ARF6 and ARHGEF4 toward membrane protrusions.
The mechanism of mRNA transport and regulation of local protein synthesis in cancers, including PDAC, remains unclear. We previously reported that KIF20A functions as part of the intracellular trafficking machinery for the DLG5 protein, transporting it to membrane sites in PDAC cells [4] . In addition to the proteintrafficking function of KIF20A, we provided a basis for understanding the mRNA transport system of KIF20A to cell protrusions, and these observations suggested the possibility that binding of cargoes such as IGF2BP3-mRNA complexes to KIF20A steers kinesin motors toward the protrusions. Locally translated ARF6 and ARHGEF4 in the protrusions function to induce the generation of cell protrusions and thereby promote the motility and invasiveness of PDAC cells [8] . Similarly with IGF2BP3, KIF20A knockdown also decreased cell protrusions in which peripheral actin structures were abundant and inhibited cell motility and invasion of PDAC cells. The rescued expression of KIF20A renewed the expression of ARF6 and ARHGEF4 only in the protrusions, and induced formation of the protrusions in fibronectin-stimulated KIF20A-RNAi S2-013 cells. These findings indicate that KIF20A can increase cell protrusions through its function in trafficking IGF2BP3-containing SGs and affect local protein synthesis from IGF2BP3-bound transcripts. The molecular mechanisms by which local translation of the particular mRNAs localized in IGF2BP3-containing SGs is initiated are important subjects for future study; nevertheless, our findings that pertain to mRNA transport and local translation in cell protrusions in PDAC cells are probably relevant to those in the dendrites of neural cells.
IGF2BP3 does not contain any tubulin-binding domains that may be involved in the transport of specific mRNAs along microtubules; however, we found that IGF2BP3 was a microtubule-associated protein in PDAC cells. The human double-stranded RNA-binding protein Staufen1 forms SGs [20] and has a role in processes such as microtubule-dependent mRNA transport and localized translation of specific mRNAs in polarized cells [20] [21] [22] . Both Staufen1 and the kinesin protein KIF5C are responsible for dendritic transport of Shank1 mRNA along microtubules [23] . Local protein synthesis from Shank1 mRNA in the dendrites is crucial for postsynaptic density assembly [24] and the formation of dendritic spines [25] . These findings suggest that structures that contain kinesin motor proteins, RNA-binding proteins, and microtubules are necessary for RNA transport and localized translation. Consistent with these previous findings in the dendrites, the association of KIF20A and IGF2BP3 is likely to play important roles in microtubule-dependent RNA transport and localized translation in the protrusions of PDAC cells.
As noted in the introduction, KIF20A is thought to be involved in carcinogenesis in PDAC. The testes and thymus are the only normal tissues that express KIF20A [4, 26] . Therefore, KIF20A could be considered as an ideal cancer-testis antigen, and the KIF20A peptide might be a cancer vaccine for PDAC. A phase I/II clinical trial using a peptide vaccine derived from KIF20A alone (UMIN-CTR; #UMIN000004919) recently revealed that patients with advanced PDAC vaccinated with KIF20A-derived peptide had better prognosis than the control group with the best supportive care and that KIF20A-derived vaccination is significantly effective as an immunotherapy against advanced PDAC [27] . In Japan, a randomized phase III clinical trial using peptide vaccines, including for KIF20A, is currently being carried out for advanced PDAC patients. Concerning other malignant phenotypes of PDAC cells aside from cell proliferation, such as motility, invasiveness, and metastasis, any roles of KIF20A are still unknown. This study is the first to demonstrate the role of KIF20A in the motility and invasiveness of PDAC cells. In addition to the possibility that a KIF20A peptide vaccine may represent a potential novel treatment option for PDAC, the data presented here indicated to us that inhibition of 1) the interaction between IGF2BP3 and KIF20A, 2) the trafficking system that transports IGF2BP3-bound transcripts to membrane protrusions, 3) IGF2BP3, or 4) some combination of the above may be effective for targeted molecular therapy because any such therapy would inhibit local translation in cell protrusions and consequently limit the invasiveness of PDACs.
